T
he Australian Research Council (ARC) Center for Kangaroo Genomics, or KanGO as it is often called, has been working to develop marsupial genomics in Australia since its inception in 2003. The brief of KanGO is to characterize targeted regions of the genome of the Tammar wallaby, which is the model Australian marsupial. Other roles include developing genomic resources for the Australian scientific community and facilitating national and international collaborations in marsupial genomics. While the initial desire was to characterize the entire genome of the Tammar wallaby, limited funding has led to the decision to focus on chromosomes X and 5, parts of which are syntenic to the human X chromosome. However, biology is not restricted to these regions or by limited funding; and where projects not directly within KanGO's brief have emerged, Professor Jenny Graves, the center's director, has done a fantastic job of facilitating interactions between biologists and bioinformaticians.
KanGO's need for bioinformaticians-more specifically, the need for bioinformaticians in marsupial genomics-has risen sharply as a result of two exciting international genome projects. The first is the sequencing of the South American opossum genome at the Broad Institute, USA. The opossum, a small pouchless marsupial, is the first marsupial to have its genome sequenced and is being developed as a model animal in the US. The second project is much closer to home: the Australian Genome Research Facility (AGRF) and the Genome Sequencing Center at the Baylor College of Medicine, USA, are sequencing the Tammar wallaby genome. The Tammar is the first Australian marsupial to have its genome sequenced and is a model animal for development, sexual differentiation, and immunogenetics. Much of the interest in marsupials as animal models is because they give birth to highly undeveloped young. Because of their phylogenetic distance from humans and other eutherian (placental) mammals, both marsupial genomes are also an important resource for identifying functional, conserved noncoding sequences.
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The Bioinformatics Division at the Walter and Eliza Hall Institute (WEHI) is one of five nodes within KanGO, and is the focus of KanGO's bioinformatics expertise. The three key people involved in KanGO projects at the WEHI are Professor Terry Speed (a partner investigator at the center), Dr Matthew Wakefield, and Dr Tony Papenfuss (associate investigators). Several PhD and UROP students have also lent a hand on various projects. There are three major themes in the projects that KanGO is involved in: the development of online resources and software for marsupial genomics, the evolution of the marsupial X chromosome, and comparative immunogenomics. Strictly speaking, not all of these are KanGO projects, but KanGO has provided valuable resources or helped nurture many of them.
While the genome of the Tammar wallaby is not yet available, KanGO has had access to several important resources: early releases of opossum genome assemblies, the Tammar wallaby genome sequencing reads (the raw data produced by the AGRF and Baylor), and targeted Tammar wallaby bacterial artificial clones (BACs) sequenced by the AGRF and Sanger Institute, UK. Within weeks of the release of the first assembly of the opossum genome, the team had constructed an annotation based on chained tBLASTn alignments of human RefSeq proteins. This was actually the first annotation of the opossum genome, and KanGO members were provided access to it via a GBrowse genome browser. It has been updated with each new assembly of the opossum genome, often months ahead of publicly available genome browsers; more importantly, it has provided a scaffold on which to hang Tammar wallaby genomic resources.
Another useful resource that KanGO has developed is a customized parallel BLAST server. This has provided biologists at KanGO with BLAST access to the latest assemblies of the opossum and platypus genomes, the wallaby genome project sequencing reads, and the RIKEN Tammar expressed sequence tag (EST) datasets. The team has set this up so that biologists can easily run searches with hundreds of sequences in parallel across our cluster of 40 dual CPU G5 nodes, and they have also constructed tools to visualize the BLAST results for gene clusters. WEHI Bioinformatics's first major collaboration in marsupial genomics was as part of an international team, led by Dr Kathy Belov from the University of Sydney and another KanGO member, to annotate the major histocompatibility complex (MHC) of the opossum. In mammals, the MHC is a 3-4-Mb region of the genome that is critical to the immune system. The team used a combination of BLAST and HMMer searches, gene prediction, and 5'-and 3'-RACE sequencing to identify genes and characterize the organization of the marsupial MHC. The unusual organization that we uncovered provided insight into the evolution of this important gene cluster in mammals. Some of the gene sequences obtained will be useful in the study of Australian marsupials, but the MHC sequence of an indigenous marsupial will be far more useful. Dr Belov is currently collaborating with the Sanger Institute to do just this.
A Tammar wallaby BAC from the MHC class III inflammatory region that was sequenced at the Sanger Institute gave the first opportunity to compare two marsupial DNA sequences with a rich collection of primate, rodent, cow, and dog sequences. The team characterized the genes present in this region, and found differences in gene content between the Tammar and opossum as well as between the marsupials and eutherians. The team also analyzed the sequence conservation using a phylogenetic hidden Markov model technique. They found conserved regulatory modules and a conserved snoRNA gene. An analysis of lineage-specific conserved elements revealed both marsupial-specific repeats, elements that were only present in the eutherian mammals. Part of the Tammar wallaby MHC class III inflammatory region. The KanGO BAC was sequenced at the Sanger Institute and annotated by Janine Deakin, Tony Papenfuss, and others. Conserved and marsupialspecific elements were predicted by comparison with the opossum and six eutherian genomes. The highly conserved element in BAT1 is part of a known snoRNA.
Other projects the team has been involved with include the evolution of the X chromosome, X inactivation, and the search for XIST in marsupials. They have identified a large number of antimicrobial peptides in the opossum genome, and are currently characterizing several other important immune gene clusters including the leukocyte receptor complex and the natural killer complex. Challenges in the next 12 months will include working with the AGRF to analyze the assembled Tammar wallaby genome.
Their experience from several marsupial immunogenetics projects-as well as their work on other organisms including the malaria-causing parasite, Plasmodium falciparum-has inspired methodological work on an approach to customized, sensitive searches for highly diverged genes using profile hidden Markov models that are widely applicable. A web application is currently being developed to provide some of the power of these approaches to biologist collaborators.
The future for marsupial genomics in Australia and the roles for bioinformaticians in this field are very exciting. A low-coverage assembly of the genome of the Tammar wallaby is just round the corner, as are kangaroo microarrays. This will be a goldmine for scientists working on the Tammar model and for Australian wildlife genomics. It will also provide a rich source for bioinformatics problems. 
